Cultures of several diploid strains of Saccharomyces cerevisiae were found to contain about 0.5 % of glycogen-deficient cells. Ultraviolet irradiation increased the mutant frequency to about 5 %, while 40 % of the population survived. The mutants were detected by plating cultures on nutrient agar containing I % glucose and staining 3-day colonies with iodine; normal colonies became brown due to the stored glycogen whereas the mutants remained white. The size of the mutant colonies was normal. Most of the mutants have remained stable during subculture. Fractionation of the cellular carbohydrate confirmed that the mutants were deficient in glycogen. Glucose concentration in the growth medium had a marked influence on glycogen storage. When the mutants were grown on nutrient agar containing 8 yo glucose, glycogen was stored and the mutants could not be distinguished by iodine-staining from the wild type. Glycogen-deficient mutants contained higher than usual proportions of respiration-deficient cells. Respiration-deficient colonies, whether derived from glycogen-deficient or from normal cultures contained appreciably less glycogen than those of the wild-type yeast.
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I N T R O D U C T I O N
Iodine staining has been much used for the examination of polysaccharide storage by bacteria (Carlson & Hehre, 1949; Gibbons, 1964; Carrier & McCleskey, 1962) . Yeasts may differ in their ability to store glycogen (Chester, 1964 ) and the present work on glycogen-deficient mutants arose from an attempt to apply an iodine-staining test to yeast colonies to reveal the storage of glycogen.
METHODS
The strains of Saccharomyces cerevisiae used in these experiments were non-sporing diploid Guinness brewing yeasts. Most of the work was done with strain 4236; the other strains used were 1164 and 1338. Strain 1338 is a flocculent yeast.
The media used for growing the yeast had the following compositions : Medium I. Malt extract, 3 g.; yeast extract 3 g.; peptone, 5 g.; glucose 10 g.; distilled water to I 1. (Wickerham, 1951) .
Medium 2 . This had the same composition as medium I except that it contained 80 g. glucose.
Solid media for plating were prepared by adding one agar tablet (Oxoid) to 10 ml. of liquid medium in I oz. (28 ml.) screw-top bottles. The Petri dishes had a diameter of 8.5 cm. All cultures were incubated at 24' . 
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Glycogen gives a reddish-brown coloration with iodine, and glycogen-deficient mutants were detected by flooding 3-day or 6-day colonies on plates of solid medium I, with 6 ml. iodine solution (0-2 % I2 in 0.4 yo KI). The staining reactions of the colonies were recorded I min. after adding the iodine. The reactions of the various types of colonies are described in the text. When colonies were isolated from plates which had been flooded with iodine solution, sufficient viable organisms survived the treatment to give subcultures.
For ultraviolet (u.v.) irradiation, yeast cells were harvested from 24 hr cultures in medium I, washed once with distilled water and suspended in distilled water. Four-ml. portions of the suspension (about 2 x 10' cells/ml.) were u.v.-irradiated at room temperature (19") in Petri dishes. The U.V. source was a Hanovia Chromatolite U.V. lamp at a distance of 16 cm. from the cell suspension, which was gently agitated during irradiation.
Spontaneous respiration-deficient mutants were obtained by plating cultures and staining the colonies with triphenyltetrazolium chloride (Ogur, St John & Nagai, I 957) . Normal colonies were stained pink and respiration-deficient colonies remained white. This method was also used to test the glycogen-deficient mutants for respiration deficiency.
Yeast carbohydrate was fractionated by the scheme described by Trevelyan & Harrison (1956) .
RESULTS

Iodine-staining of yeast colonies
Several strains of yeast were plated on nutrient agar (medium I) and the plates flooded with iodine solution after incubation for 3 days. The colonies from all the cultures were stained brown because of the glycogen stored in the cells. There was little change in coloration when the colonies were incubated for 6 days before staining.
Frequency of spontaneous glycogen-deficient mutants
On plates of strains 1164, 1338 and 4236 there were some colonies which remained white or very pale yellow in the presence of the iodine. When these unstained colonies were picked off, grown in medium I and replated, all the progeny gave a negative reaction with iodine. The frequency of the aberrant colonies was as high as 0-8 yo with some strains (Table I) . When normal colonies of strain 4236 were picked off the plates, grown overnight in medium I and replated, a similar high frequency of glycogendeficient colonies was observed. In liquid medium, the growth and rate of fermentation of the glycogen-deficient mutant of strain 4236 were slightly slower than those of the parent yeast. The differences, although very small, were consistent in many experiments.
Thus it seems unlikely that the high frequency of the mutants was caused by a selective advantage in growth rate. This conclusion is supported by the fact that there was the same high frequency of mutants in the freshly isolated strains as in the stock cultures which have been maintained by subculture for several years.
Induction of glycogen-deficient mutants with ultraviolet radiation
Washed suspensions of strain 4236 were u.v.-irradiated for I 5-60 sec. The treated suspensions were diluted with sterile water and plated on solid medium I. Iodinestaining of the colonies showed that the frequency of the glycogen-deficient mutants dose increased the frequency about tenfold while 40% of the population survived (Fig. I) . These figures show that the effect was actually an induction and not a differential killing of normal and mutant cells. The mutant frequency tended to decrease after longer U.V. treatment. In the experiments with U.V. radiation, many of the colonies were sectored and these were counted as mutants. Ten of the sectored colonies were isolated from the plates, grown overnight in medium I and replated. As expected, iodine-staining showed that the plates were mixtures of normal colonies and glycogen-deficient colonies.
Ultraviolet radiation is known to induce respiration deficiency (Raut, I 954). None of the ten glycogen-deficient isolates examined in this experiment was respirationdeficient.
Stability of glycogen-deficient mutants Glycogen-deficient mutants were maintained by subculture at monthly intervals on nutrient agar slopes. Nine isolates of spontaneous mutants remained stable for over a
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V. E. CHESTER year, but three others were found to contain a proportion of reverted organisms. Ultraviolet-induced mutants were maintained for a shorter period, but have all remained stable.
Efect of glucose concentration in the growth medium on iodine-staining
The glucose concentration in the solid growth medium influenced the glycogen content of the cells. On medium 2 (8% glucose) glycogen-deficient mutants were stained by iodine as much as were the wild-type yeasts ( Table 2) . petite colonies usually appear with a frequency of less than I %. Colonies of the glycogen-deficient mutants were not obviously different in size from wild-type colonies and were stained pink by triphenyltetrazolium chloride, indicating that they were not respiration-deficient. However, most cultures of the glycogen-deficient mutants contained higher than usual proportions of r.d. cells. Cultures of glycogen-deficient mutants isolated from strain 4236 contained 2-9 % of r.d. cells, whereas the wild type contained about 0.5 %. In contrast to the glycogen-deficient mutants, iodine solution stained 3-day petite colonies brown, but more mature 6-day colonies remained white ( Table 2 ).
Respira t ion-de$cien t mu tan ts
An unexpected observation was that spontaneous r.d. mutants isolated from normal yeast cultures gave iodine-staining reactions similar to those of the r.d. mutants isolated from glycogen-deficient cultures. The very small 3-day colonies growing on medium I were stained brown with iodine; 6-day colonies remained white with iodine solution although the less crowded colonies on the plates were stained brown around the circumference. When grown on medium 2, all the r.d. colonies were larger than when grown on medium I. There was less distinction between 3-day and 6-day plates on the high-glucose medium, but in all strains there was a decrease in intensity of staining as the colonies grew older and larger.
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Carbohydrate fractionation of yeasts grown on agar growth medium Strain 4236 and a glycogen-deficient mutant isolated from it were grown on agar slopes of medium I and after incubation for 3 days at 24" samples of the yeast were washed 3 times with distilled water and the carbohydrate of the cells fractionated. The carbohydrate fractions are expressed as a percentage of the total dry weight of the yeast and also as a percentage of the non-carbohydrate dry weight. Under the present growth conditions, the glycogen contributes from 8 to 17% of the total dry weight. The variations in glycogen content influence the numerical value of the other carbohydrate fractions when they are expressed as a fraction of total dry weight. Expression of the results as a percentage of non-carbohydrate dry weight overcomes this difficulty and facilitates a comparison of the two yeasts. The mutant contained less than half as much acid-soluble glycogen as the wild type and about one third as much trehalose ( Table 3) . The alkali-soluble glycogen was the same in both yeasts. There was also little difference in the cell-wall components, glucan and mannan. Similar analyses were made on 3-day and 6-day cultures of an r.d. mutant of strain 4236. The 6-day cultures contained less glycogen and trehalose than the younger cultures ( Table 4) . Having regard to the decrease in intensity of iodine-staining as the r.d. cultures aged, this result was to be expected. The 3-day culture of the r.d. yeast contained appreciably less glycogen than the parent cultures of the same age.
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Respiration-deficient mutants derived from glycogen-deficient mutants could not be distinguished by iodine-staining from the r.d. mutants derived from normal cultures. Fractionation of the cellular carbohydrate of an r.d. mutant derived from a glycogen-deficient culture cofirmed that the glycogen content was similar in the two cases (Tables 4 and 5). spontaneous mutants did not exceed 0.5 %. Genetic analysis indicated that the negative character had a nuclear origin. In the present work the cultures used were diploid, which makes the high frequency of the spontaneous and u.v.-induced mutants even more surprising. It is hoped to extend this work in an attempt to find spore-forming strains in which glycogen-deficient mutants are as distinctive as those of the asporogenous strains. Genetic analysis should then indicate whether the glycogen-deficiency is due to nuclear or cytoplasmic changes.
Fractionation of the cellular carbohydrate showed that the mutants contained considerably less glycogen than did the wild-type yeast. Despite the fact that the fractionation procedure of Trevelyan & Harrison (I 956) indicated that the mutants did contain some glycogen, the colonies remained white in the presence of iodine. It would therefore appear that the iodine test requires a certain concentration of glycogen to be present in the cells before a colour becomes evident. An alternative possibility is that all the material which appears as glycogen in the fractionation procedure may not be typical glycogen as regards iodine-staining.
The mutants were only detectable when grown on the low glucose medium. A high glucose concentration resulted in greater glycogen storage by the mutant and the iodine stain could not differentiate mutant from wild-type colonies. An alternative pathway of glycogen synthesis may become operative when the glucose concentration is above a certain value.
The trehalose as well as the glycogen content was low in the mutant, suggesting that the mutation results in changes in a common synthetic pathway or metabolite. Uridine diphosphoglucose is involved in the synthesis of both carbohydrates and unpublished
